SUMMARY We have studied 14 patients with aortopulmonary window (10 male and 4 female, age range 1 month to 41 years). Four ofthese had a distal defect with characteristic haemodynamic and angiographic features. Aortopulmonary window may be classified into 3 types: type I (proximal) defects occur in the proximal part of aortopulmonary septum; type II (distal) defects occur in the distal part of the aortopulmonary septum adjacent to the right pulmonary artery; the type III defect is a combination of types I and II.
SUMMARY We have studied 14 patients with aortopulmonary window (10 male and 4 female, age range 1 month to 41 years). Four ofthese had a distal defect with characteristic haemodynamic and angiographic features. Aortopulmonary window may be classified into 3 types: type I (proximal) defects occur in the proximal part of aortopulmonary septum; type II (distal) defects occur in the distal part of the aortopulmonary septum adjacent to the right pulmonary artery; the type III defect is a combination of types I and II.
In type I, injection of contrast media into the aortic root opacifies the main pulmonary trunk and then both pulmonary arteries. In type II, the right pulmonary artery is preferentially opacified simulating the finding of right pulmonary artery arising from the ascending aorta. In one case of type II, injection into the right ventricle showed preferential flow to the left pulmonary artery, because of the large shunt of unopacified blood into the right pulmonary artery, but in both types I and II the left and right pulmonary arteries are usually opacified simultaneously after injection into the main pulmonary trunk.
In type I either transaortic or transpulmonary closure is the appropriate surgical procedure. In types II and III, the transaortic approach provides better exposure and facilitates the operative repair.
Aortopulmonary window is a relatively rare con-right pulmonary artery and the pulmonary trunk genital anomaly involving the great arteries. Patients (Kimoto et al., 1957; Nakaya, 1963 ; Wright with this anomaly in whom there is an increased et al., 1968) . pulmonary flow and pulmonary hypertension
In a 19-year period from 1958 to 1976, 14 patients usually develop symptoms in the neonatal period or with aortopulmonary window were studied at the in early infancy, and without operation have a Heart Institute of Japan (Table 1) , and 4 of the 14 uniformly poor prognosis. The high mortality rate had the distal type of communication. The purpose in these babies is the result of congestive heart of this report is to describe 4 cases of the distal failure and of pulmonary complications caused by type of aortopulmonary window and to discuss an excessive left-to-right shunt through the aorto-diagnostic and surgical problems in 3 varieties of pulmonary window. Since cure is effected by sur-this defect. gical closure of the defect, precise preoperative recognition of the type and the location of the Case reports window is essential.
In the majority of cases, the defect is in the left Clinical data are summarised in (Fig. lb) . From the aortic and diuretics resulted in a temporary clinical im-side, the window was seen 5 mm above the ostium provement. She was discharged after 1 month in of the left coronary artery on the left posterior hospital but was readmitted 4 months later with aspect of the aortic wall (Fig. lc) .
pneumonia and congestive failure and died at the age of 6 months.
CASE 2
At necropsy, the external appearance of the heart E.M., a 17-month-old boy, was the second child of indicated biventricular hypertrophy and dilatation healthy parents and was born after an uneventful and the apex was formed by the right ventricle. gestation and delivery. There was consanguinity on
The ascending aorta and the pulmonary trunk ap-the paternal side. The infant had been tachypnoeic peared to have a normal relation (Fig. la) . When the from birth and had failed to thrive. He was admitted anterior wall of the pulmonary trunk was opened to another hospital at the age of 8 months with longitudinally, the window between the ascending cough, fever, and dyspnoea. The diagnosis then (C) sistent cough and congestive heart failure despite emptied slowly. The aortogram clearly showed an medical treatment, he was referred to the Heart aortopulmonary communication (Fig. 2b) ; though Institute of Japan at the age of 17 months. the right pulmonary artery was preferentially On examination, he was a fretful male infant opacificed, the previous pulmonary arteriogram weighing 65 kg. He was dyspnoeic but not cya-had shown both pulmonary arteries. Aortopulnosed, and was in heart failure with oedema of the monary window of distal type was diagnosed.
extremities and face, hepatomegaly, and ascites.
At operation with the combined use of surface The clinical diagnosis was persistent ductus and perfusion hypothermia, a communication was arterious, mitral regurgitation, and endocardial found between the ascending aorta and the origin fibroelastosis. His condition improved after treat-of the right pulmonary artery. Through a longiment with digitalis.
tudinal aortotomy, the defect measuring 8 mm in Cardiac catheterisation and angiographic data are diameter was closed with a 'teflon' patch. Since summarised in Table 3 first, the mitral valve was replaced with a Hancock monary trunk and left pulmonary artery clearly, but xenograft valve. He is now well.
there was only faint opacification of the right pulmonary artery (Fig. 3a) . Later films showed the left CASE 3 heart and the ascending aorta, but then the right D.N., a 19-month-old boy, was referred with recur-pulmonary artery opacified more densely than the rent respiratory infections and tachypnoea. At 2 left pulmonary artery. Possible diagnoses were the months of age, he had been found to have a heart distal type of aortopulmonary window, or persistent murmur. His growth and development were poor ductus arteriosus with anomalous origin of the right and he was cyanosed. pulmonary artery from the ascending aorta. Right heart catheterisation (Table 3) then Operation was refused and the patient was followed showed severe pulmonary hypertension (115/75 up as an outpatient. mmHg, mean 105 mmHg), but the catheter could He was readmitted at the age of 2 years and 8 not be passed into either branch of the pulmonary months for repeat catheterisation (Table 3) 
to the right ventricle and both pulmonary arteries. The findings were compatible with the distal type When contrast was injected into the pulmonary of aortopulmonary window. trunk, both right and left pulmonary arteries At operation using combined surface and core opacified and there was also faint opacification of cooling, the diagnosis of aortopulmonary window the ascending aorta (Fig. 3b) . The aortogram was confirmed. The defect (20 x 25 mm) was closed showed preferential opacification of the right pul-with a patch by the transaortic route. Postoperative monary artery, simulating the appearance of right right heart catheterisation showed only slightly pulmonary artery arising from ascending aorta raised right ventricular and pulmonary arterial (Fig. 3c) . There was also a prominent increase in pressures (43/5 and 44/13 mmHg, respectively). oxygen saturation in the right pulmonary artery.
The calculated left-to-right shunt was 60 per cent CASE 4 with pulmonary to systemic flow ratio 2 5, and S.M., a 1-month-old baby girl, was born at fullresistance ratio 040. After injection of tolazoline term after an uncomplicated gestation. Her birth-(1 mg/kg) into the pulmonary artery, there was weight was 3640 g, and no perinatal abnormality little change in the magnitude of the shunt (62%), was observed. At 3 days of age, she was noted to be the flow ratio (2t6), or the resistance ratio (0 38 with these associated cardiac anomalies, diagnosis is At operation, the left chest was entered through often difficult. At cardiac catheterisation, the the third interspace, but only a closed ligamentum catheter course and angiographic appearances may arteriosum was found. When the pericardium was be diagnostic (Bosher and McCue, 1962 ; Morrow opened, the aortopulmonary window was found. et al., 1962). Since the exposure was inadequate for its repair,
The size of defect is variable, ranging from 05 to only bilateral pulmonary arterial banding was per-6 cm in diameter. The defect is usually single, but formed. At reoperation one week later, using com-cases with two coexisting defects have also been bined surface and perfusion hypothermia, the reported (Baronofsky et al., 1960) . The defect is aortopulmonary window, which communicated usually between the ascending aorta and the pulwith the most proximal portion of the right pul-monary trunk, and may take the form of a fenestramonary artery, was closed with a patch by the tion or a narrow channel. However, there are two transaortic route. The patient made an uneventful other types of defect which differ in their anatorecovery and remained well until 11 months after mical site. We propose, therefore, that aortopuloperation, when she died suddenly as a result of an monary window should be classified into three acute respiratory infection.
types: type I, proximal defect; type II, distal defect; and type III, total defect (Fig. 4) Defect~~~Deec group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from the semilunar valves are completely separated by In type I (proximal) defect, aortic root injection the conus septum, which is reduced or absent in opacifies the pulmonary trunk and then both pulpersistent truncus arteriosus (Van Praagh and Van monary arteries (Fig. 5a, b) . However, in type II Praagh, 1965) . No classification of aortopulmonary (distal) defect, aortography preferentially opacifies window has been reported hitherto except by the right pulmonary artery, and the pulmonary Collett and Edwards (1949), who described it as a trunk and the left pulmonary artery are only faintly type of persistent truncus arteriosus.
opacified. This angiographic feature may help to Separation of the truncus arteriosus into the differentiate type II from type I defect. Preferential ascending aorta and the pulmonary trunk in the opacification of the right pulmonary artery by fetus is achieved by formation of the truncal retrograde aortography can also be seen in anomseptum, which is derived distally from the aorto-alous origin of the right pulmonary artery from pulmonary septum originating from the posterior the ascending aorta, which must be considered in wall of the aortic sac between the fourth and the the differential diagnosis of type II defect. At right sixth arch, and proximally by the fusion of dextro-heart catheterisation, passage of the catheter into superior and sinistroinferior truncus swellings (Van the right pulmonary artery or opacification of both Mierop, 1968) . We suggest that the proximal defect pulmonary arteries after injection of contrast (type I) may be caused by defective development medium into either the pulmonary trunk or the ofthe proximal truncal septum from the two truncus right ventricle, should rule out anomalous right swellings, and the distal defect (type II) by failure pulmonary artery arising from the ascending aorta. of proper fusion between the aortopulmonary septum In our case 2, injection of dye into the pulmonary and the proximal truncal septum. The total trunk was followed by faint opacification of the defect (type III) may result from defective growth ascending aorta as a result of a small right-to-left of both the distal and proximal truncal septum.
shunt, the window was not crossed during right Retrograde aortography is the most useful in-heart catheterisation, and the correct diagnosis was vestigation in determining the precise location of only established after retrograde aortography. the defect in patients with aortopulmonary window.
Diagnosis was particularly difficult in our case 3: group.bmj.com on June 24, 2017 -Published by http://heart.bmj.com/ Downloaded from during the first cathet erisation study the catheter tive vascular changes. The transaortic approach was not passed into either right or left pulmonary should, therefore, be used, especially for type II artery, and the right ventricular injection opacified defects, because it not only affords an excellent only the left pulmonary artery, since the contrast exposure of the defect, but also provides a safeguard was diluted by an enormous shunt of unopacified against accidental injury to a semilunar valve or the blood from the aorta into the right pulmonary left coronary ostium. artery. Anomalous origin of the right pulmonary artery from the ascending aorta was not excluded until the second catheterisation. The diagnosis of References aortopulmonary window was then established by the successful passage of the catheter into the right pulmonary artery and opacification of both pul-Agius, P. V., Rushworth, A., and Connolly, N. (1970 have also been reported, including narrowing of (1967) . Aortopulmonary window, ventricular septal the lumen of the great arteries, stenosis of the defect and mesoversion. American Journal of Cardiology, orifice of the left coronary artery adjacent to the 20, 566-570. proximal margin of the defect, and accidental Kimoto, S., Saigusa, M., Asano, K., Satoh, F., and Kazama, S. (1957) . Surgical treatment of aortic septal defect. A case injury to the semilunar valves.
of aortic septal defect associated with patent ductus In order to avoid these complications, it is arteriosus,both successfully treated surgically. (In Japanese.) recommended that either a transpulmonary (Putnam Clinical Surgery, 12, 765-772. and Gross, 1966) or transaortic approach should be Morrow, A. G., Greenfield, L. J., and Braunwald, E. (1962) .
used (Wright et al., 1968; Deverall et al., 1969 Comparing these two methods, Deverall and Wright Nakaya, T., Toyoda, T., Kawahara, H., and Hosoda, S. stressed the greater safety of aortotomy, compared (1963) . An autopsy case of the stillborn baby associated with an incision into a dilated and thin-walled with aortopulmonary window. 7apanese Circulation Journal, 27, 381. (In Japanese.) pulmonary trunk. Proper choice of approach is Neufeld, H. N., Lester, R. G., Adams, P., Anderson, R. C., especially important in type II (distal) defect, in Lillehei, C. W., and Edwards, J. E. (1962) . Aorticopulwhich the transpulmonary approach fails to expose monary septal defect. American Journal of Cardiology, 9, the entire extent of the defect unless the incision is 12-25.
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